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General Introduction 
GENERAL INTRODUCTION 
Aquaculture, one of the fastest growing food production systems, 
has potential to feed the increasing human population, in general, and 
combat protein malnutrition, in particular. Efficient and sustainable fish 
culture largely depends on a sound knowledge of nutrition of the 
cultivable species. Since feed constitutes a major operational cost in fish 
culture, it is important to develop cost-effective, nutritionally balanced 
diets to make the system economically viable. 
Assessment of nutrient and energy requirements in cultivable 
species, thus, remained a priority area of research in fish nutritional 
studies (Sen et al., 1978; Castell, 1979; Jauncey, 1982; Wilson and 
Halver, 1986; Akand et al., 1989; Khan and Jafri, 1990; Tacon, 1990; 
NRC, 1993; Anwar and Jafri, 1995; De Silva and Anderson, 1995; 
Hoffman and Prinsloo, 1995; Kaushik, 1995; Van-Weerd, 1995; 
Erfanullah and Jafri, 1998; Jantrarotai et al., 1998; Fagbenro and 
Nwanna, 1999; Murty and Naik, 1999; Panda et al., 1999; and Hernandez 
etal., 2001.). 
In fish culture, intensive or semi-intensive, knowledge of optimum 
ration level is equally important as it helps in minimizing the cost of feed 
and preventing the organic loading in the water body. A number of 
factors are known to influence the feeding rate of fish. These include 
factors like feed quality and quantity, feeding strategy, size of fish, water 
temperature and biomass in the culture system, etc. (Allen and Wootton. 
1982; Verreth and Bieman, 1987; Chinyakov, 1991; Hassan and 
Macintosh, 1991; Jensen and Berg, 1993; Sumagaysay, 1993; Hassan and 
Jafri, 1994; Maekinen, 1995; Sampaio and Minillo, 1995; Tuene and 
Nortvedt, 1995; Koskela et al, 1997; Li Jun et ai, 1997; Oluah. 1997; 
Hop and Tonn, 1998; Noeske et al., 1998; Pyka, 1999; Verbeeten et al., 
1999; Giri et al, 2000; Graynoth and Taylor, 2000; and Petkam and 
Moodie, 2001). 
Feeding frequency and time are also considered important in 
affecting the overall growth and feed utilisation in most fish species 
(Grayton and Beamish, 1977; Hogendoom, 1981; Marian et al., 1982; 
Sundararaj et al., 1982; Noeske and Spieler, 1984; Noeske et al., 1985; 
Singh etal., 1987; Boujard etal., 1995 and Hossain etal., 1999, 2001). It 
is necessary to work out the optimum feeding schedule of the cultivable 
species which governs diet availability to the fish. Optimum feeding 
schedule may vary with species, fish size, culture conditions, dietary 
nutrient content, feed allowance, etc. 
In India, the main cultivable freshwater catfish species are singhi, 
Heteropneustes fossil is and magur, Clarias batrachus. These two species 
are in great demand, fetching high market price. Recently, another 
species of the genus Clarias, C. gariepinus, locally called as Thai 
magur', has been clandestinely introduced in Indian waters. The fish is 
preferred over the nadve varieties by many fish farmers because of its 
high fecundity, growth rate, ability of efficiently utilizing animal and 
plant origin feedstuffs, and withstanding adverse environmental 
conditions, in addition to its good market value, and potential for 
intensive culture. Because of its capacity to use atmospheric oxygen, no 
pond aeration or high water exchange rate is needed for this fish under 
culture condifions (Huisman and Richter, 1987; and Haylor, 1989, 1993). 
Most nutritional studies in the past on C. gariepinus were conducted to 
work out the nutrient requirements, optimum ration size and feeding 
frequency at fry/fingeding stage (Machiels and Henken, 1985, 1986; 
Verreth and Bieman, 1987; Degani et al, 1988; Degani etal, 1989; and 
Hossain et al., 1998^, 1999, 2001). However, no work appears to have 
been attempted to optimize the ration level or feeding frequency in young 
C. gariepinus. 
The present study, compiled in the form of this dissertation, was 
therefore, conducted to optimize the ration size, and examine the 
influence of feeding frequency on growth and body composition in young 
C. gariepinus. This information would be of interest to fish nutritionists 
and farmers. 
GENERAL METHODOLOGY 
Source offish stock/acclimation 
Young Clarias gariepinus, obtained from local market, were 
transported to the laboratory in oxygen filled polythene bags, given a 
prophylactic dip in KMn04 solution (1:3000), and stocked in cement 
cisterns ( Ix lx lm) for acclimation. During the period of acclimation, tlsh 
were fed minced meat twice daily. After a fortnight, desired number of 
fish were taken out and gradually acclimated to casein-gelatin based 
semi-purified experimental diet (Table 3), over a two week period in high 
density polyvinyl indoor circular tanks (water volume, 55 L), fitted with 
flow-through system (1-1.5 L/min). Unconsumed diet, if any, was 
collected, dried and weighed to estimate the amount of diet consumed b\ 
the fish. 
Preparation of experimental diet 
For the preparation of casein-gelatin based semi-purified diet, 
calculated quantities of dietary ingredients were weighed on a sensitive 
electronic balance (Precisa-120A). Gelatin was mixed in water in a 
stainless steel attachment of Hobart electric mixer, with constant stirring. 
and heated to 80°C. The mixer bowl was removed from heating, and 
quantities of casein, dextrin, minerals and a-cellulose were added to it. 
and the content blended in the mixer while still in lukewarm state. This 
was followed by the addition of vitamin mix and oil (2:1 corn and cod 
liver oil). After blending the mixture, carboxymethyl cellulose was added 
to it. The prepared diet, upon obtaining a bread dough-like consistencx. 
was poured into a teflon-coated pan and placed in a refrigerator to jell. 
The prepared diet was in the form of moist cake, >ivj^ K5h^as cut into small 
cubes and stored in a refrigerator (-20°C) in sealed polythene packs until 
used. The mineral and vitamin premixes (Table 1-2) were the same as 
used by Halver (1989). 
General experimental design/feeding trial 
Fish of desired size and number were sorted out from the 
acclimated lot and stocked in 70 L polyvinyl circular tanks (water volume 
55 L), in triplicate. The tanks were supplied with groundwater. The water 
exchange rate in each tank was maintained at 1-1.5 L/min. Prior to 
feeding, faecal matter was siphoned off from the experimental tanks. 
Feeding level and schedule was chosen after carefully observing the 
dietary intake as well as feeding behaviour of the fish. The moisture 
content in diet was estimated, and the ration level calculated as dn,' feed 
to wet fish weight. Mass weight of fish was taken weekly and amount of 
ration recalculated for subsequent feeding. On the day of weeklv 
measurements, no feed was offered to the fish and the tanks were 
thoroughly washed with KMn04 solution (1:3000). During the trial, the 
water temperature ranged between 22 ± 2°C. 
Proximate analysis 
Proximate composifion of fish was analysed using standard 
techniques (AOAC, 1995). The analysis was carried out in triplicate. 
Estimation of moisture 
A weighed quantity of finely ground/homogenized sample was 
taken in a pre-weighed silica crucible and placed in an oven (100°C) for 
24 h. The crucible containing the dry sample was transferred to a 
desiccator, allowed to cool and reweighed. This process was repeated till 
a constant weight obtained. The loss in weight was expressed as per cent 
of moisture. 
Estimation of ash 
A known quantity of finely powdered sample was taken in a pre-
weighed silica crucible and incinerated in a muffle furnace (600°C) for 3-
4 h till the sample became free of carbon. The crucible containing the 
incinerated sample was transferred to a desiccator, cooled and reweighed. 
The quantity of ash was calculated and expressed in percentage. 
Estimation of crude fat 
For estimating the crude fat, continuous Soxhlet extraction 
technique was employed. Petroleum ether (40-60 °C B.P.) was used as a 
solvent. A weighed quantity of finely ground sample was taken in 
Whatman fat extraction thimble, cotton plugged, and introduced into the 
Soxhlet apparatus. A clean dry receiver flask was weighed and fitted to 
the Soxhlet assembly on a water bath for extraction. Extraction was 
carried out for 10-12 h. Thereafter, the receiving flask was removed and 
kept in a hot air oven (100°C) to evaporate the solvent traces. The flask 
was then cooled in a desiccator and reweighed. The amount of fat 
extracted was expressed in percentage. 
Estimation of crude protein 
The technique employed for estimating the crude protein was based 
on a slight modification of Wong's micro-Kjeldahl method, as adopted b\ 
Jafri et al. (1964). The principle involved digesting a known amount of 
sample in N-free sulphuric acid, in presence of potassium persulphate 
used as catalyst, which converts the nitrogenous compounds to 
ammonium sulphate. This was then treated with Nessler's reagent. The 
colour developed due to the formation of (0Hg)2 NH2I was measured 
spectrophotometrically. The optical density obtained was read off against 
a standard calibration curve of (NH4)2S04 for nitrogen estimation. To 
calculate crude protein in the sample, the amount of nitrogen was 
multiplied with the conventional protein factor (6.25). 
O.lg dry powdered sample was taken in a Kjeldahl flask with 5 ml 
of N-free sulphuric acid (1:1), and 5 ml potassium persulphate added to it. 
The volume was raised to 3 ml with distilled water. The solution was then 
nesslerized using Bock and Benedict's Nessler reagent (Oser, 1979), kept 
at room temperature for 10 min for complete colour development A 
blank was prepared in the same manner using distilled water in place of 
aliquot. The amount of nitrogen was obtained by reading the optical 
density against the standard calibration curve (Fig. 1). The nitrogen value 
was multiplied with 6.25 to obtain the amount of crude protein. The 
spectrophotometric measurements were made on microprocessor-
controlled split beam spectronic 1001 spectrophotometer (Milton Roy 
company, USA). 
Assessment of metabolizable energy 
Metabolizable energy of the diets was calculated using physiological fuel 
values 3.5, 4.5 and 8.5 kcal/g for carbohydrate, protein and lipid. 
respectively (Jauncey, 1982). 
Assessment of growth and conversion efficiencies 
Calculation of growth parameters and conversion efficiencies were 
made according to standard definitions (Hardy, 1991; and Hanley, 1991). 
W - W 
Live weight gain (%) = — ' x 100 
w , 
I o2 W - 1 oe W 
Specific growth rate (%) ^ ^' ' ^ ^ ^ x 100 
Where, 
Wi = Initial mass weight (g) 
W2 = Final mass weight (g) 
D = Duration of the feeding trial (days) 
Total feed intake(g) 
Feed conversion ratio = 
Live weight gain(g) 
Live weight gain(g) 
Protein efficiency ratio -
Total protein intake(g) 
Statistical analysis 
Data were subjected to one-way analysis of variance (ANOVA) 
followed by Duncan's multiple range test at 0.05% significance level 
(Duncan, 1955; and Sokal and Rohlf, 1981). 
Table 1. Composition of mineral mixture* 
Mineral g/100 g diet 
Calcium biphosphate 13.48 
Calcium lactate 32.40 
Ferric citrate 02.97 
Magnesium sulphate 13.70 
Potassium phosphate (Dibasic) 23.86 
Sodium biphosphate 08.72 
Sodium chloride 04.35 
Aluminium chloride. 6H2O 00.015 
Potassium iodide 00.015 
Cuprous chloride 00.010 
Manganous sulphate. H2O 00.080 
Cobalt chloride.6H20 00.100 
Zinc sulphate.7H20 00.300 
'*Halver(1989). 
Table 2. Composition of vitamin mixture 
Vitamin g/100 g diet 
a-Cellulose 8.000 
Choline chloride 0.500 
Inositol 0.200 
Ascorbic acid 0.100 
Niacin 0.075 
Calcium pantothenate 0.050 
Riboflavin 0.020 
Menadione 0.004 
Pyridoxine.HCl 0.005 
Thiamin.HCl 0.005 
Folic acid 0.0015 
Biotin 0.0005 
a-tocopherol acetate** 0.040 
Vitamin 6,2(10 mg/500 ml H.O) 0.00001(0.5ml) 
* Halver (1989); **Incorporated with oil. 
Table 3. Ingredient and proximate composition of experimental 
diet 
Ingredients 
Casein (Vitamin-free; 84.6% C.P.)* 
Gelatin (87.0% C.P.)* 
Dextrin 
a-Cellulose 
Oil mix (2:1 com and cod liver oil) 
Vitamin mix 
Mineral mix 
Carboxymethyl cellulose 
Proximate composition (%)** 
Crude protein 
Crude fat 
Carbohydrate 
Energy (kcal/lOOg) 
g/100 g (as fed) 
40.17 
12.84 
25.71 
7.28 
8.00 
1.00 
3.00 
2.00 
45.00 
8.00 
26.00 
360.50 
(2001). 
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Chapter 1 
Chapter I 
OPTIMIZING RATION LEVEL FOR YOUNG CLARIAS 
GARIEPINUS (BURCHELL, 1822) 
Introduction 
Growth and feed conversion in fish are markedly affected by 
quaUty and quantity of feed consumed (Omarov, 1970; Elliott, 1975'; 
Lovell, 1989; and Pickering, 1993). For successful fish culture, it is 
important to work out the optimum ration size for different stages of the 
concerned species under culture conditions to obtain maximum growth 
and conversion rates (Huisman, 1976; Reddy and Katre, 1979; Reinitz, 
1983'^''; Machiels and Henken, 1986; Hung etal., 1993; Hassan and Jafri, 
1994; Sampaio and Minillo, 1995; and Panda et al, 1999). Knowledge of 
optimum ration is also considered important in determining the nutrient 
requirements offish (Tacon and Cowey, 1985; and Talbot, 1985). 
Several reports have appeared in the past on influence of ration size 
on growth rate and feed utilization in different species of fish (Omarov. 
1970; Elliott, 1975^ Allen and Wootton, 1982; Joergensen and Jobling. 
1992; Sumagaysay, 1993; Maekinen, 1995; Medale et al., 1995; Tuene 
and Nortvedt, 1995; Hop and Tonn, 1998; Hossain et al, 1998; Adebayo 
et al, 2000; Graynoth and Taylor, 2000 ; Annappaswamy et al. 2001: 
and Ng era/., 2000). 
Lately, Clarias gariepinus is being cultured in various parts of the 
country. Considerable information is available on the nutrition of this tlsh 
(Henken et al, 1986; Huisman and Richter, 1987; Degani et al. 1989: 
9 
Uys, 1989; Mgbenka and Agua, 1990; Hoffman and Prinsloo, 1995; 
Awaiss and Kestemont, 1998; and Murty and Naik, 1999). A quantitative 
estimate of maximum daily feed intake of C. gariepinus fmgerling has 
been worked out by Hossain et al. (1998). The present study was 
conducted to work out optimum ration level for young C. gariepinus 
fed semi-purified test diet. 
Materials and Methods 
Preparation of experimental diet 
Casein-gelatin based semi-purified test diet containing 45% CP and 
360.5 kcal/100 g ME (General Methodology; Table 3) was prepared 
using the method described elsewhere (page 4). 
Feeding trial 
Source of fish, their acclimation and details of general 
experimental design are given in General Methodology (Page 4). Fish 
(15-17 cm; 11.90-13.09 g) were sorted out from acclimated lot and 
stocked, in triplicate groups of 15 fish each, in indoor 70 L polwinyl 
circular tanks (water volume 55 L) provided with a continuous flow-
through (1 - 1.5 L/min) system. Prior to commencement of the trial, fish 
were acclimated on experimental diet for a fortnight. 
Feeding trial was conducted for a period of 6-weeks. Fish were fed 
experimental diet at the rate of 1, 3, 5, 7 and 9% body weight (b.w. day" ) 
daily, at 0800 and 1600 h. Feeding level was adjusted on weekly basis 
after taking the measurements of experimental fish. Average water 
temperature during the experimental trial was 22 ± 2"C. 
Assessment of growth and conversion efficiencies 
Calculation of various parameters for growth and conversion 
efficiencies were made according to standard definitions as described in 
General Methodology (page 8). 
Proximate analysis 
Prior to commencement of the feeding trial, fish from the 
acclimated stock and at the end of feeding trial, from each trough, were 
taken out for the analysis of their carcass composition using standard 
techniques (AOAC, 1995) as described elsewhere (General Methodology; 
page 5). 
Statistical analysis 
Data were subjected to one-way analysis of variance (ANOVA) 
followed by Duncan's multiple range test at 0.05% significance level 
(Duncan, 1955; and Sokal and Rohlf, 1981). 
Results 
Results of 6-week feeding trial conducted to work out optimum 
ration size for C. gariepinus are given in Table 1. Per cent live weight 
gain, weight increment (g fish"'day"') and specific growth rate (SGR%) 
were higher {P < 0.05) in fish fed rafion at 3% b.w.day"', whereas lowest 
{P < 0.05) values for these parameters were found at 1% b.w.dav" 
However, per cent live weight gain and SGR were insignificant!\ 
{P > 0.05) different in fish fed radons at 3 and 5% b.w.day"'. Broken line 
regression analysis showed that a ration level of 3% b.w. day"' is 
optimum with respect to per cent live weight gain (Fig. 1) and SGR 
(Fig. 2). Feed conversion ratio (FCR) and protein efficiency ratio (PER) 
were found better (P < 0.05) in fish receiving ration at 3% b.w. day ', as 
also evident from the broken line regression analysis (Fig. 3,4). Fish fed 
at 1% b.w. day"' exhibited poorest values for these parameters. 
Carcass composition of fish was also influenced by varying levels 
of ration (Table 2). Higher (P < 0.05) carcass protein was obtained in fish 
fed at 3 and 5% ration levels and lowest (P < 0.05) in those at 1% b.w. 
day"'. Fat content increased with increasing ration levels. Lowest 
{P < 0.05) fat content was observed in fish fed at 1% b.w. day . 
Moisture and ash contents were comparable (P > 0.05) in fish receiving 
ration at varying levels, excepting in those at 9% b.w. day" which 
exhibited significantly {P < 0.05) lower carcass moisture. 
Discussion 
It is evident from the results of the present study that C. gariepinus 
fed ration at 3% b.w. day" produced best growth and conversion 
efficiencies. The observed decrease in growth of fish fed ration at 1 % 
b.w. day' suggests that at this level of feeding a major portion of 
nutrients get utilized for maintenance. Similar results have been reported 
in C. batrachus (Hassan and Jafri, 1994). The findings of the present 
study are also in agreement with the observations on Acipenser 
trammontanus (Hung and Lutes, 1987) and on Sparus aurata (Lupatsch 
et al, 1998). Feeding at 3% b.w. day"' reportedly produced significantly 
higher growth in C gariepinus x H. bidorsalis (Adebayo et al, 2000). In 
tropical bagrid catfish, Mystus nemurus, 2.5% ration level was found 
12 
optimum with no significant improvement in weight gain beyond this 
level (Ng era/., 2000). 
Feeding rate was reportedly influenced by fish size, with the 
smaller fish consuming more feed than the larger ones (Cowx, 1992). 
This also became apparent when results of the present study on young C. 
gariepinus, where 3% ration level produced best growth and conversion, 
is compared with those reported by Hina (2001) on fingerling of this 
species. Increasing level of ration beyond the optimum had a plateauing 
effect on growth of/, punctatus (Li and Lovell, 1992). 
A corollary to the present study was also evident in the work of 
Reddy and Katre (1979) who observed better conversion efficiency at 
ration level of 3% and poor FCR at ration levels above 3% in 
Heteropneustes fossilis. Similar observations have been made by other 
workers (Li and Lovell, 1992; Hung et al, 1993; and Hassan and Jafri, 
1994). 
Higher carcass protein in C. gariepinus fed rations at 3 and 5% 
b.w. day"' suggests that these feeding rates provided protein for both 
maintenance and growth. This finding is supported by observations made 
on other fishes (Hung and Lutes, 1987; Brown et al, 1990; and Hassan 
and Jafri, 1994). Lower proportions of whole body dry matter, lipid and 
protein was, however, reported in M nemurus at 5% ration level in 
comparison to 2.5% (Ng et al, 2000). In the present study, carcass fat 
increased with increasing levels of ration. 
It may, therefore, be concluded that a ration level of 3% b.w. da\ 
is optimum for young C. gariepinus as it produces higher growth and 
carcass protein, and better conversion efficiencies. 
Summary 
A 6-week growth trial was conducted to estimate the 
optimum ration level for young Clarias gariepinus (15-17 cm; 12.81-
13.09 g). Fish were stocked in indoor 70 L polyvinyl flow-through (1-1.5 
L/min) circular tanks at 22 ± 2°C and fed experimental diet at varying 
levels (1,3,5,7 and 9% b.w. day "') of ration, in the form of moist cake, 
daily at 0800 and 1600 h. Per cent live weight gain, weight increment 
(g fish"'day'') and specific growth rate (SGR%) were higher {p < 0.05) in 
fish fed ration at 3% b.w. day' , whereas lowest {P < 0.05) values for 
these parameters were found at 1% b.w. day"'. However, per cent li\e 
weight gain and SGR were insignificantly (P > 0.05) different in fish fed 
rations at 3 and 5% b.w. day"'. Best feed conversion ratio (1.29) and 
protein efficiency ratio (1.72) were also observed at 3% b.w. day" level 
of feeding. Varying dietary intake had a significant {P < 0.05) influence 
on the body carcass composition. Whole body protein was found to be 
significantly (P < 0.05) higher in fish groups fed at 3 and 5% b.w. day' . 
Carcass fat increased with increasing ration level, with the lowest 
(P < 0.05) value obtaining in fish at 1% b.w. day"'. Moisture and ash 
contents were comparable (P > 0.05) in fish receiving ration at varying 
levels, excepting in those at 9% b.w. day"' which exhibited significantlv 
(P < 0.05) lower carcass moisture. It is thus evident that a ration level of 
3% b.w. day' is optimum for young C. gariepinus. 
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Chapter II 
INFLUENCE OF FEEDING FREQUENCY ON GROWTH 
AND BODY COMPOSITION OF CLARIAS GARIEPINVS 
(BURCHELL, 1822) 
Introduction 
Frequency of feeding affects fish growth by regulating the 
availability of diet. Increased feeding frequency has been reported to 
improve growth in various fish species (Ishiwata, 1969''; Kono and 
Nose, 1971; and Andrews and Page, 1975). Two or three feedings a day 
have been found sufficient for maximum growth in species such as 
yellowtail, Seriola quinqueradiatu (Ishiwata, 1969 ), channel catfish, 
Ictalurus punctatus (Andrews and Page, 1975; and Andrews, 1979), 
rainbow trout, Salmo gairdneri (Grayton and Beamish, 1977), grouper, 
Epinephelus tauvina (Chua and Teng, 1978), and sea bass, Dicentrarchus 
labrax (Tsevis et al, 1992). 
Optimum feeding frequency is influenced by various factors such 
as size and stocking density of fish, type of feed, feeding levels, feed 
utilization and water quality, etc., in various species (Shelbourn et ai. 
1973; Murai and Andrews, 1976; Jobling, 1983; Machiels and Henken. 
1985; Inyang and Odo, 1996; Ruohonen, 1998; Hossain et al, 2001; and 
Rakpong et al, 2001). Feeding frequency and its effect on fish has been 
studied by various workers in different species like Chinese cattish, 
Clarias fuscus (Anderson and Fast, 1991; and Buurma and Diana, 1994). 
channel catfish, /. punctatus (Jarboe and Grant, 1996), Atlantic salmon, 
Salmo salar (Kadri et al, 1997), Korean rockfish, Sebastes schlegeli (Lee 
et al, 2000) and walking catfish, C. macrocephalus (Petkam and 
Moodie, 2001). 
The present study was conducted to observe the influence of 
feeding frequency on growth and body composition of C gariepimts. 
Materials and Methods 
Preparation of experimental diet 
Casein-gelatin based semi-purified test diet containing 45% CP and 
360.5 kcal/100 g ME (General Methodology; Table 3) was prepared 
using the method described elsewhere (page 4). 
Feeding trial 
Source of fish, their acclimation and details of general 
experimental design are given elsewhere (General Methodology; page 4). 
Fish (16-18 cm; 14.98-15.81 g) from the acclimated lot were stocked, in 
triplicate groups of 15 fish each, in indoor 70 L polyvinyl circular tanks 
(water volume 55 L) supplied with groundwater (1 - 1.5 L /min). 
Fish were fed the experimental diet two, three or four times a da\ 
at 3% b.w. day' . The trial lasted 6-weeks. Water temperature during the 
experiment was 22 ± 2°C. 
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Assessment of growth 
Calculation of various growth parameters were made according to 
the standard definitions as given elsewhere (page 8). 
Proximate analysis 
Prior to the commencement of the feeding trial, fish from the 
acclimated stock, and at the end of feeding trial, from each trough, were 
taken out for the analysis of their carcass composition using standard 
techniques (AOAC, 1995) as described elsewhere (General Methodology; 
page 5). 
Statistical analysis 
Data were subjected to one-way analysis of variance (ANOVA) 
followed by Duncan's multiple range test at 0.05% significance level 
(Duncan, 1955; and Sokal and Rohlf, 1981). 
Results 
Results on growth of C gahepinus at varying feeding frequencies 
are given in Table 1. Weight increment (g fish'' day"'), live weight gain 
(%) and specific growth rate (SGR%) in fish groups fed three times a day 
were significantly {P < 0.05) higher than those starved or fed two / four 
times a day as also evident from Fig. 1 and 2. The lowest {P < 0.05) 
values for these parameters were noted in starved fish. 
S IS Proximate composifion offish fed at varying feeding frequencies 
given in Table 2. Significantly (P < 0.05) higher carcass protein was 
obtained in fish fed three times a day. However, fish fed two and tour 
17 
times a day contained comparable (P > 0.05) protein content. Starved 
fish showed lowest carcass protein. Carcass fat was insignificantly 
(P > 0.05) different in fish fed two, three and four times a day. Starved 
fish exhibited lowest (P < 0.05) fat content. Moisture content was highest 
in starved fish, while it varied insignificantly {P > 0.05) in fish fed at 
different feeding frequencies. Ash content was significantly (P < 0.05) 
higher in starved fish. 
Discussion 
C gahepinus fed three times a day produced best growth. Negative 
growth was observed in starved fish. The results seem in agreement with 
the observations made on rainbow trout, Oncorhynchus mykiss 
(Ruohonen et al, 1998). Grayton and Beamish (1977) reported that one 
or two feedings a day was not sufficient for maximum growth of rainbow 
trout, Salmo gairdneri. In Catla catla fingerlings, best growth was noted 
at a feeding frequency of three times a day (Patra et al, 2001). Increased 
feeding frequency resulted in better growth in C. lazera (Hogendoorn, 
1981), C fuscus (Buurma and Diana, 1994) and Heteropneustes fossilis 
(Marian et al., 1982). Feeding frequency for maximum growth of fish 
may differ with species, fish size, dietary protein and energy content, etc. 
( Wang et al., 1998; and Company et al., 1999). Fixed feeding frequenc\ 
can greatly reduce wastage of feed and increase the growth rate offish lor 
a particular stage. Young C. gariepinus fed three times a day produced 
best SGR(%) values. Reports are also available on other species where 
feeding time markedly affected growth performance, and feeding, tailored 
to the feeding rhythm, consistently gave better results (Sundararaj ei al.. 
1982; Noeske and Spieler, 1984; Noeske et al, 1985; Reddy et al. 1994; 
Baras et al, 1995; and Boujard et al, 1995). 
In several fish species studied, increased growth with increasing 
feeding frequency has been attributed to increased food consumption 
rather than increased feed assimilation (Ishiwata, 1969; Grayton and 
Beamish, 1977; Marian et al, 1982; Charles et al, 1984; and Sampath. 
1984). It has been suggested that this increase is due to gastric emptying 
taking place before the next meal (Vahl, 1979). 
In the present study, maximum carcass protein was obtained in fish 
fed three times a day. In juvenile S. schlegeli, however, feeding frequenc\ 
had no significant effect on the protein content of muscle and viscera 
(Lee et al, 2000). In C. gariepinus, carcass fat increased with feeding 
levels but declined at a feeding frequency of four times a day. Various 
workers have reported increased body lipid content in fish with increase 
in feeding frequency (Grayton and Beamish, 1977; Kayno et al, 1993; 
and Lee et al, 1996). Frequent feeding generally improved fish growth 
due to increased feed intake that elevated lipid deposition and changed 
body composition (Grayton and Beamish, 1977; Noeske and Spieler. 
1985; and Tung and Shiau, 1991). The results revealed starved C. 
gariepinus contained higher moisture and lower fat and protein contents 
in their carcass. Hogendoom (1983) found a similar trend in C. lazera. 
and attributed it to catabolism of body fat and protein for energy 
conversion during starvation. 
It may be concluded that feeding young C gariepinus three times a 
day produced best weight increment (g fish"' day"') and SGR (%). 
Maximum protein and fat, and low ash contents were also obtained in fish 
receiving three feedings a day. 
Summary 
A 6-week growth trial was conducted to examine the influence ol" 
feeding rate on growth and body composition in young African catfish, 
Clarias gariepinus (16-18 cm; 14.98-15.81 g). Fish were stocked in 
indoor 70 L polyvinyl flow-through (1-1.5 L/min) circular tanks and fed 
experimental diet at different feeding frequencies (two, three and four 
times a day). Diets were fed in the form of moist cake. Maximum weight 
increment (0.49 g fish"' day"') and live weight gain (132.42%) were 
obtained in fish fed three times a day. Feeding Irequency significantly 
{P < 0.05) influenced the body composition offish. Whole body protein 
and fat contents were significantly (P < 0.05) higher in fish groups fed 
three times a day. Starved fish exhibited lowest protein and fat, and 
highest moisture and ash contents in their carcass. It is evident from the 
results that three feedings a day is optimum for young C gariepinus. 
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